Mow Hay Dryers 


G. C. PERRY 


Top quality forage gets results, as any dairy or beef farmer knows. Im- 
proving the quality of roughage is often the best way to increase net income. 
Producing better hay in the field is important. But a fourth of the value of 
the hay crop is lost between the field and the barn in the usual field-curing 
method. Mow dryers help cut down this loss. 


Advantages of Mow Dryers 

1. Reduce losses. Hay can be put in the mow when it still contains enough 
moisture to keep the leaves from shattering. The day or more saved between 
cutting and storing means less exposure to sun and dew, and less chance of 
a soaking rain. 

2. Beat the weather. The shorter time needed for field curing means that 
hay can be cut earlier, when it is at peak quality. Hay reaches this peak in 
early June, and quality falls rapidly after that time, until it is below that of 
good straw by the latter part of July. 

3. Increase the yield of TDN. Second cuttings start earlier and make better 
growth. Third and even fourth cuttings have been possible in some areas under 
some weather conditions. 

4. Help schedule the work better. Haying time can be spread over a 
longer period of time. 

5. Help to eliminate danger of fires from spontaneous combustion. Mow 
drying also prevents nutrient losses that usually result from heating and 
“sweating” of field-cured hay. 

6. Help the hay retain more of its original carotene, which is one of the 
important feed elements of forage. 


Disadvantages of Mow Dryers 

1. Greater load on farm equipment. Hay with a moisture content of 35- 
45 percent is carried from the field. Hay with a moisture content of 40 per- 
cent will weigh 2666 pounds in the field for every ton of dry hay, making 
an extra 666 pounds of water that must be handled. Moist hay is somewhat 
harder to handle because of its toughness. 
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2. Larger investment. A capital investment such as this can be an advan- 
tage or a disadvantage, depending on wise, full, and possible multiple use 
of the equipment. Unwisely and only partially used equipment is an expen- 
sive luxury at any time. 

3. Need for structurally sound storage space. Because the hay is moister 
and therefore heavier when it is stored, it requires adequate support from the 
piers on up. The posts should be straight, strong, and sound; girders of proper 
size; joists sound and of adequate size and spacing, covered with tight flooring 
above. 

4. Somewhat more work. Mow drying does not always require more work. 
It depends on the design of the system, the means of handling roughage, 
and how it is handled. If baled properly in a short (30 inch) bale of about 
50 pounds total weight in the field, it handles quite easily. The problem is 
even less for chopped hay because it is more completely handled by equip- 
ment. The hay is not moved a second time as it might be in a batch dryer 
system but is left in the mow on the ductwork until used. 


How the Dryer Works 


After the hay is partially cured by the sun, mow drying completes the job 
under controlled conditions for a more uniform and a high quality product. 
Hay of 35-45 percent moisture content is placed on the dryer air distribution 
system. Air is then blown through the hay, and moisture is carried out by 
evaporation. The hay mass will be from 2° to 15° F. cooler than outside 
air temperatures. The hay mass nearest the air distribution system dries first, 
and drying continues to work out from the air source until the whole mow 
is dry and safe. The type of hay, initial moisture content, humidity, temper- 
ature, and amount of air blown through the hay determine the rate of drying. 
Nearly a ton of dry hay a day per fan horsepower is a common rate observed 
in the State. 


Design 
Dryers can be designed for almost any size, shape, and type of mow or set 


of conditions. Following are some general ideas on dryer construction. 
The mow floor system should be tight so that air will not be lost through 
it. The floor joists and supporting girders should be inspected for the need- 
ed strength to carry the extra weight of the more dense material on the dryer.* 
Eliminate mow obstructions if possible. If not, it may be necessary to 
baffle the air around to cut down on losses along posts or other obstructions. 


* Cornell Extension Bulletin 742, Remodeling Dairy Barns for Better Dairy Stables, 
pages 40-43 and page 48, for tables on joist and girder size needed. 
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Figure 1. Air Splitter: 1” x 10” of 1” x 

: 12” boards, sheet metal, plywood, or hard- 

Height of duct board can be used to construct the air split- 
ter within the central duct. 


\ 


If a post must be left within the proposed duct work and is within 10 feet of 
the fan, an air splitter (see figure 1) would help to smooth out the flow of 
air in that part of the system. 

The area around a post in the duct or slatted floor needs to be boarded tightly 
for a radius of 2 feet in every direction from the post to prevent the loss of air 
up along the post (see figures 2 and 3). The covering may be sheet metal, ply- 
wood or other suitable materials. 

Some provision must be made for exhaust. Louvres, open windows, gables, 
doors or other openings are satisfactory if the total open area is large enough. 
To determine the total square foot opening that the mow requires, divide the 
fan air delivery (see page 7) by 300 cubic feet of air per minute. 


~Barn Post 


Covered with sheet metal, 
Plywood or any material, 
tightly, out from post 2 ft 
on all sides 


—-Silatted Floor 


Figure 3. Above. A tightly closed area 
cround a post in a slatted floor system. 


Figure 2. Left. Tightly boarded duct area 
cround a post. 


Selection of Type of Air Distribution System Ductwork 


The dimensions of the mow where the dryer is to be installed are important 
in planning the design. The width and height determine the type of ductwork 
needed. 

Three air distribution systems are commonly used in New York State: (1) 
The A frame central duct (figure 4) for mows 30 feet wide or less, and up to 
18 feet deep; (2) the Modified A frame central duct (figure 5) for mows 30 
feet wide or less, but up to 16 feet deep and (3) the main central duct with 
slatted floor (figure 6) for mows over 30 feet in width and up to 14 feet deep. 
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To make sections collapsible 
Slats |"x 3", 3" use a bolt at this point. 


apart at most 


Welded 
"Wire 


Height 


Cross Tie Soleplate 


End of duct must 
‘en be tight. 


Welded Wire 


2"x 4" or 2"x6" Frames, 
2' OC. 


Figure 4. The A frame central duct. This duct may be built in place, in movable sections 


or collapsible sections. For covering, either slats or welded wire mesh may be used. The end 
away from the fan must be boarded tight. 


Figure 5. The modified A frame central duct. This duct may be built in place, or in mov- 


able sections. For covering, either slats or welded wire mesh may be used. The end away 
from the fan must be boarded tight. 
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Wood block, 2"x II" 
square for solid 
closed top. 


2"x4" Cleat bolted 
on for a handle to 
raise flue former. 


boards 
for the four sides. 


Figure 7. A flue former. These flue form- 
mers should be spaced on six foot centers 
all over the mow area. They will work with 


any of the air distribution systems as needed 
for very deep mows. 


Commercial ductwork is also avail- 
able for air distriubtion systems. All 
of these systems will work satisfact- 
orily for chopped, baled or loose hay. 


For very deep mows over 18 feet in 
depth, flue formers (figure 7) have 
been used to make a passage for air to 
move up through the mass of hay for 
even drying. These flue formers are 
usually made one foot square and six 
feet long, sealed at one end. They 
should be spaced six feet apart all 
over the mow area. As the hay builds 
up level with the tops of the formers, 
the formers should be pulled up a few 
feet. When mow is filled to capacity, 
the formers should be left in place 
with the closed top end flush with the 
top of the mow. These may be used 
with any of the types of air distribu- 
tion systems already mentioned. 


Mow Area To Be Used for the Mow Dryer 


A five horsepower motor and fan is the most common size used in dryer 
systems in this State. This will usually handle a mow of up to 900 square feet. 
In some cases it may be advisable to use a larger system for a larger mow and 
where extra labor is available during haying season. Instead of one large sys- 
tem, quite often two systems work out better and for a small additional cost. 
In many cases, two motors and fans can be used to dry three mows. 


Fan Air Delivery Required 


Twenty to twenty-five cubic feet of air per minute (cfm) are needed for 
every square foot of mow floor area. (See page 8 for fan selection). 
EXAMPLE: To compute the fan air delivery required for a mow 36 feet long, 

25 feet wide, and 16 feet deep. 
Floor area 36’ x 25’=900 square feet. 
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Required fan air delivery: 900 sq. ft. x 20cfm= 18,000 cfm. 
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Duct Cross Section Area 


The minimum cross section area of the duct is determined by dividing the 
fan air delivery for the mow by 1000. In the previous example, the fan air 
delivery was 18,000 cfm. This divided by 1,000 equals 18 square feet as the 
minimum cross section area of the duct. 

In cross section, an A frame duct is a triangle; its area is one half the base 
times the height. A cross section of a modified A frame duct is a trapazoid; its 
area is one half the sum of the bases (top and bottom width) times the height. 

The A and modified A frame ducts will dry hay 10 to 12 feet to both sides 
and also up to 12 feet over the top of the duct. These allowable distances deter- 
mine the width and height that are minimum, but these dimensions may, in 
some cases, be large enough to satisfy the cross section required above. 

In the problem above, the mow width was 25 feet. The bottom width of the 
duct could be 5 feet, leaving 10 feet on both sides. The mow depth was 16 
feet, which would allow a duct height of 5 feet, leaving 11 feet above the top 
of the duct. 

A mow of these dimensions would best be handled by a Modified A frame. 
With a top width of 3 feet, a bottom width of 5 feet, and a height of 5 feet, the 
cross section area (one-half the sum of the bases times the height) is 34+5+2 
=4; 4x 5 =20 square feet. The cross section area of this duct, therefore, is 
greater than the minimum 18 square feet required for satisfactory air delivery. 

Note: In figuring the amount of hay to the side and over the duct, be sure 
that the depth over the duct will be at least equal to the distance to the sides of 
the duct for the A frame and Modified A frame single central duct air distri- 
bution systems. 

When the mow is so wide that it requires a duct and slatted floor, the duct 
cross section area is computed in the same way. In this case, the duct dimensions 
should be such as to keep the duct as low as the top of the fan frame would be. 


Fan Selection 


The fan must be capable of delivering the required number of cubic feet of 
air per minute against 1 inch of static pressure. 

In selecting a fan and motor for a dryer system, it is desirable to know the 
fan air delivery characteristics for static pressures above the design static pres- 
sure of 1 inch. If the fan air delivery holds up well in volume under greater 
pressures, the fan has good characteristics and will do a better job in the dryer 
system if higher pressures should be encountered. Also the mow dryer fan may 
be used to help later on in the year in drying of grain. Grain builds up greater 


static pressures than hay with relatively small depths. Wheat has a static pres- 
sure of 1.2 inches when piled 4 feet deep at a moisture content of 20 per- 
cent, and oats develop a static pressure of 1.7 inches when piled only 6 feet 
deep at 25 percent moisture content, with air passing through the grain at a 
volume of only 3 cfm per bushel. 


Fan House Cross Section Area 


After the required fan air delivery is determined, the size of the fan frame 
and needed installation space for fan and motor can be determined by checking 
with a fan dealer. This is one step in deciding on the width and height for 
the fan house. The second step is to check the required duct cross section area. 
Knowing these two items, the fan frame and installation clearances needed and 
the duct cross section area, choose the larger size and build the fan house width 
and height accordingly. 


EXAMPLE: In the previous problem, it was determined that a fan air delivery 
of 18,000 cfm at 1 inch static pressure was required. From table 
1, this would be at least a 42 inch fan and 5 horsepower motor. 
If the manufacturer's tables show a frame size of, say, 50 inches 
square for this size fan with no extra space needed for the offset 
of the motor, this would mean an area of about 17 square feet. 
From the example we know that the duct must be at least 18 
square feet in area. This means that the fan house must be at 
least 18 square feet in cross section, or about four feet four inches 
square. The fan house can be larger than this if desired or needed. 


Table 1. Typical Hay Dryer Fan Capacities 


Fan diameter Horsepower | CFM @ | CFM @ CFM @ 
in inches required a 3” SP | 1” SP 
13,360 | 13,233 10,550 

5 20,440 18,750 16,850 
74 23,433 22,454 22,864 

74 28,633 26,233 23,532 
10 32,000 30,000 | 26,000 
48 : 5 28,000 «35,400 ~—«19,600. 
74 34,340 30,100 26,350 
10 37,800 35,000 31,600 


9 


The fan house (figure 8) should 
be large enough: (1) to accommo- 
date the fan, its frame, and the 
motor, or (2) equal the air distri- 
bution duct cross sectional area re- 
quired ; whichever is the larger size. 

The opening in the barn wall 
necessarily must also be of the same 
size as the fan house. It is good 
practice to cover this wall opening 


to the fan, motor, and controls with 
a screened frame to prevent child- 
ren or animals from climbing into 
the fan house during operation or 
qe at any other time. 


Figure 8. The fan house boarded tightly with 
tongue and groove lumber or equivalent. 


Mow Layout for Mow Dryer System 


Several requirements must be considered in determining the layout of the 
dryer system. The air that is blown through the hay should be fresh air from 
outdoors. The fan should not be installed where it will draw air off the barn 
drive floor or where recirculation of the mow exhaust air is possible. 


The following clearances to the sides and ends of the ductwork (see figures 
9 and 10) must be allowed for in determining the fan house length, duct 
length, and slatted floor joist size and length. 


Table of distance from ductwork to wall 


Tightly boarded wall Open end 
Fan end (A) 5 feet 6 feet 
Opposite end (B) 6 7 


Fan House Length 


The fan house length will be either 5 or 6 feet, depending on the wall con- 
struction at the fan end of the mow—whether it is closed or open construction. 
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Figure 9. Layout for mows 30 feet wide or less, up to 18 feet in depth of hay. The A | 
frame is adapted for this type of mow. The apex of the duct can be quite high up into the 4 
mow for better air distribution throughout the hay mass. ; 
For mows 30 feet wide or less, up to 16 foot depths of hay, the modified A frame duct is ¢ 
quite satisfactory. The same dimensions A, B, and C, apply to this type of duct also. : 
Figure 10. Layouts of mows wider than 30 feet with depths of hay up to 14 feet. The ; 
slatted floor with a main duct works well under these conditions. a 


Duct Length 

The duct length is the length of the mow less (A) the length of the fan 
house and (B) the 6 or 7 feet allowance at the far end of the mow—again, 
depending on the construction of the wall. 


EXAMPLE: In a 36 by 25 foot mow that runs crosswise of the barn, the fan 
wall, the opposite end, and one side wall are of tight construction. 
The other side wall is open. 
The fan house would be 5 feet long; the space left at the other 
end of the duct would be 6 feet; and the duct would then be 
25 feet long. 


Note: The far end of the duct should be boarded tight. 


Slatted Floor Joist Size 

Slatted floor joists are usually made of 2-inch material. The height of the 
joists depends on the volume of air to be moved in the air distribution system 
and the length of the central duct. To determine the joist size divide the re- 
quired fan air delivery (page 7) by the product of the length of the duct in 
feet times 166. This is specifically for slatted floor systems with slatted floor 
extending out from both sides of the duct an equal distance. 

Chart 1 can also be used to determine the height of the joist. The required 
fan air delivery and the length of the central duct will locate a point on the 
graph and the joist size next above that point is the size to use. 


EXAMPLE: In a sample mow 28 feet by 32 feet, the fan house end and both 
sides are of closed construction. The end opposite the fan is open 
(a drive floor). The fan house length would be 5 feet; the op- 
posite end, 7 feet; and the central duct would be 16 feet long. 
The floor area (28’ x 32’) is 896 square feet, requiring a fan de- 
livery of 17,920 cfm. 
Chart 1, across from 18,000 cfm and up from a duct length 
of 16 feet, shows that joists must be about 7 inches high. A 
2 x 8 inch joist would be the proper size to use. 


The length of the joists must also be computed. Since both sides of the mow 
are closed, the open space on each side would be 6 feet, or 12 feet total. The 
central duct (from the previous example) is 5 feet wide. Adding the 12 feet 
of open space and the duct width gives 17 feet. The total width of 32 feet less 
17 feet equals 15 feet of slatted floor. With half on each side of the central 
duct, the slatted floor sections, and therefore the joists, must be 74 feet long. 
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Side Dimensions For The Slatted Floor System 

1. In 14 story barns where the gambrel roof starts at the mow floor level, (C) 
distance should be 7 feet. 

2. In 2 story barns where the roof begins several feet above the mow floor level, 
(C) distance should be 6 feet. 

3. When the side walls are of open or tight construction, keep at least a (C) 
distance of 6 feet. 

4. These mow side clearances between the slatted floor system and the edge of 
the mow should be maintained around hay chutes, doors, and stairways. 


Fan Types 


The propeller type of fans specifically designed for hay and grain drying are 
most commonly used. Beware of trying to use old fans of unknown capacity 
and power requirements. Old forage blowers or blowers from thrashers will 
not work. The best bet is to buy a fan designed for the job. 


Fan Power 


For ease of operation, a minimum of maintenance expense and attention re- 
quired, an electric motor is recommended. An electric motor is a very efficient, 


13 


economical and safe source of power for these fans. Wiring should be large 
enough to carry adequate electrical power to the motor. Usually a #6 cable is 
a good size wire to use, but it may need to be larger for an exceptionally long 
run or for a large horsepower motor. This is a very poor place to try to econ- 
omize. Motor protection is also very important. The proper size of protective 
element, either thermal overload or time delay fuse, is a practical necessity. 
There is a size to meet the needs of every motor. They should not be larger 
than 125 per cent of the amperage stated on the name plate of the motor to be 
protected. A means of disconnecting the motor from the power cable in the 
fan house near the motor is also necessary. 


Management 


The first thing in management is to know the tool and second to use it fully. 
Idle investments cost money. The potential from a hay dryer is considerable. 
Make it work. 

Baled hay should go on the dryer at 35 to 45 percent moisture content in 
bales 30 inches long, weighing not over 45 to 50 pounds in the field as baled, 
for best results. 


Chopped or long loose hay should go on the dryer at 35 to 45 percent mois- 
ture content for best results. Chopped hay should be cut as long as possible. 


Estimating the percentage of moisture in hay is a matter of field experience. 
Leaves at 40 to 45 percent moisture will rustle, but very few will fall off the 
stems when shaken. The leaves will roll and break slightly when squeezed or 
rolled between the hands, but most will not crumble. The stems are quite tough 
and will not break when twisted. Hay at 35 to 40 percent moisture will lose 
some leaves when shaken, and the leaves will crumble when rolled between the 
hands. The stems will be tough and not break when twisted. Hay at 30 to 
35 percent moisture will lose leaves quite easily when shaken. Do not allow 
hay to reach this level of moisture before starting to place it on the dryer. If 
hay can not be placed on the dryer before it gets below 30 percent, most of the 
usual field-loss savings of mow drying are lost. 

In judging the hay moisture, try several samples from many places over the 
field and all through the windrows. A representative sample is necessary. A 
windrow that rustles and sounds like hay is usually ready for the dryer, but 
check a few samples to be sure. Don’t wait too long before getting it onto the 
dryer. 

Hay should be put on the ductwork in uniform layers. If 6 feet of hay is 
put on top of the ductwork, 6 feet of hay should also be put on both sides of 
the duct for the A frame and modified A frame duct. For slatted floor systems, 
there should be a uniform layer placed over the whole system at each loading. 
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The evenness of the layers of hay determines the evenness of air distribution 
and drying. If given the chance, forced air will seek the path of least resistance 
and escape without doing an efficient or uniform job of drying. 


Cut down as much hay at one time as can be handled easily in a day. The 
shorter total time of exposure for hay once it is cut, the better the quality re- 
sults. About 500 to 600 bales per day can be placed on a 5 horsepower system, 
about 700 to 800 bales per day can be placed on a 73 horsepower system or 
1100 to 1200 bales per day can be placed on a double 5 horsepower system or 
two separate 5 horsepower systems. This would load these dryer systems over a 
5-day period and not allow a buildup of over 6 feet of uncured material on the 
dryer at one time, so that there is a little chance of mold growth taking place. 
Weigh a few bales at the start of baling when hay is of roughly 40 percent 
moisture content and be sure that a 30 inch bale does not weigh over 45 to 50 
pounds, a 34 inch bale not over 50 to 55 pounds or a 38 inch bale not over 55 
to 60 pounds. This gives a good bale density for efficient and thorough drying. 
Up to 1200 bales could be put on a 5 horsepower dryer in any one day if none 
had been placed the day before or if it is likely that none would be placed the 
following day. Once again, it is desirable to limit the amount of “green” mat- 
erial on the dryer to about 6 feet at any one time to prevent too long a curing 
time and possible mold growth. Loading at the above rates should be within 
this safe loading time. 


For chopped hay (cut as long as possible), add about 3 to 4 feet of hay per 
day to the mow depth. This too will end up at about a 5-day loading 
period. This would mean adding between 7 and 9 loads each day on a 5 horse- 
power system, 9 to 12 loads per day on a 74 horsepower dryer, or 14 to 18 loads 
on a double 5 horsepower or two single 5 horsepower systems. If a day is 
skipped or the next day is likely to be skipped, these daily loadings could be 
doubled. 


The fan should be operated continuously from the time the first loading of 
hay is placed until 5 or 6 days after the last hay has been put on the dryer. Then 
check to see if it is dry. 

To check on dryness, go up on the mow and take several samples of hay 
at different locations in the mow from a depth of a foot to a foot and a half 
below the surface or from the center of several bales. If these samples are still 
wet, continue operation for a couple of days. When dry samples are obtained, 
turn off the fan for 3 or 4 hours. Turn the fan on again after this period and 
immediately see if any heated air comes out at any place over the surface of the 
mow. If there is warm air coming out, continue to operate the fan for another 
day. If there is no warm air, turn the fan off for another 4-hour period. Retest. 
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After three of these 4-hour test periods give off no warm air, leave the fan off 
over night. If still no heat on testing, the hay is dry. If you wish to be extra 
sure, turn on the fan again 2 or 3 days later and check for warm air. 


Maintenance 


It is a good idea to check the hay dryer fan and motor to make sure that they 
are in good operating condition, and this should be done a month before hay- 
ing starts. This would allow time for needed repairs and replacements should 
they be necessary. Be sure to follow the manufacturer's recommendations for 
oiling and greasing the motor and fan. 

Proper belt tension and alignment are important. If belts are too tight, 
damage to the bearings of both fan and motor may result. If belts are too 
loose, they will slip and the fan will not run at the proper speed. On a new 
installation, the belts should be checked for tension after a day’s operation. 
Check again a couple of days later and again 2 or 3 days later. If belt tension 
is correct, a 4 inch or 3 inch displacement when the belt is pressed, half way 
between the pulleys, will be possible. New belts loosen after being broken in. 
After the drying is finished for the season, it is a good idea to let the belts go 
slack. If more than one belt is used, they should be a matched set so each belt 
does its share of the work. 

A good way to find out more about mow dryed hay is to see and visit with 


several good dairymen who have dryers. Look at the hay and the herd records. 
Listen to the farmer's experiences. It is possible that a dryer would make a fine 
addition to your roughage processing program. 

The Farm Service Representative of the Electric Power Company, the electri- 
cal equipment dealer, or your County Agricultural Agent will be glad to assist 
in designing a mow dryer layout and selection of equipment. 
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